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Experiments were performed to investigate the effect of skin pressure applied at 
the restricted part of the body on the perception of verticality. The S inspected a dim 
light line in a dark room and was pinched with a hinged paper-holder at the neck. 
Throughout the observation the line was kept at the position which had been judged by 
the S as vertical beforehand. 
The time course of perceived tilting of the line was investigated in 2 Ss. The 
line was not necessarily stable even in the control period. By the stimulation the 
line was perceived to be tilted to the side opposite the stimulation and then fluctuated 
slowly. The relation between the direction of tilt and the side of stimulation was 
investigated in 42 seconds inspection experiment on lO Ss. Three Ss perceived the 
line tilted to the side of stimulation and three Ss observed it tilted to the side oppsite 
the stimulation. Significant effect was not observed on 4 Ss. 
Wapner, Werner and Chandler have found that the "apparent vertical" is tilted 
under the unilateral application of electrical stimulus of neck muscle and auditory stim-
ulus (1). These stimuli shift the position of apparent vertical to the side opposite the 
stimulation. Takagi et al. reported that, when the lateral side of chest was pressed 
by palm, apparent vertical is shifted to the side opposite the stimulation (2). In Takagi's 
experiment, however, S's body had to be sustained by pressing contralaterally over the 
broad area of his body to avoid staggering. It is difficult to distinguish which was 
effective, the stimulus with a palm, or the pressure supporting the body. 
In the present study experiments were performed to investigate the effect of skin 
pressure at the restricted part of the body on the perception of verticality. As it is 
assumed that the perception of verticality is not stable for a long time, the change of it 
was studied in the time course. Adjustment method is considered not to be suitable 
to pursue such a change. Therefore, a different method was used in this study. A line 
was kept at a position throughout the observation and the S observed it continuously 
and reported the perceived tilting. 
APPARATUS 
In a dark room a figure of dim light line was presented at 100 em from the S (Fig. 
1a). The figure consisted of a line and two dots. The line was 429mm long, 2.5 mm wide 
and intersected with two strips. The dots 6 mm in diameter were at the upper end of 
the line. The lower end of the figure was pivoted at the S's eye level so that the 
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figure was able to be rotated in the front-parallel plane. To stimulate the skin a 
hinged paper-holder, 50 mm in width, wrapped with cloth was used. 
Experiment 1 
The perception of the line in the time course and the effect of stimulation 
In the preliminary investigation, 14 persons had inspected the line and it was 
inquired into whether there was any effect of skin pressure on the perception of 
verticality. Some effect of stimulation was observed on 11 persons. Two of them, Kn. 
and :M:., on whom obvious effect had been found, served as Ss in the main experiment. 
They inspected the line continuously for a long time and its perceived tilting was follo-
wed up. 
PROCEDURE 
Sitting in a dark room with his head held by a head-rest, to the S was presented the 
dim light figure shown in Fig. 1a. Beforehand the "apparent vertical" was determined 








Fig. 1. a. Schematic illustration of dim light figure. Dots, E, E'; 6 mm in diameter, 30 mm 
in distance. Line, AD; 2.5 mm in width, 429 mm in length, intersected with two 
lines at B and C; LABE=6°, LACE=4°, LADE=2°. 
b. Method of evaluation of perceived tilt. The tilt was evaluated by the angle 
between the dim light line (AD) and the perpendicular (EF) drawn from the 
center of either dot. 
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The task of the S was to inspect the line continuously and to report the direction 
and the amount of its tilt every sixth second. He had been told how to evaluate the 
amount of tilt (as shown in Fig. lb). In judging the tilt he was required to move eyes 
up and down along the line without averting them. The amount of tilt was expressed 
by the following five ranges: 
vertical, 
2° or smaller, 
4 o or smaller, 
6° or smaller, 
larger than 6°. 
In advance of the experiment a short training was done to make the S understand 
the instruction. After the S took a rest for 5 minutes the experiments were performed. 
In one series, the S continued to inspect the line for 40 minutes. During this inspection 
each lateral side of neck skin was pinched with the paper-holder. The stimulus was 
given for 5 minutes on one side which was selected at random, then on the other side 
with the interposition of 10 minutes control. Before and after these stimulations there 
were the control periods of 10 minutes. After intermission of 20 minutes, one more 
series was followed. These experiments were performed on four days. 
RESULTS 
Subject Kn.: In control period, the line fluctuated irregularly from side to side. 
By the stimulation, it began to tilt at first to the side opposite the stimulation with 
the latency of 6-18 seconds, then the fluctuation from side to side was repeated slowly 
(Fig. 2a). The amount of tilt under the stimulation was generally larger than that in 
the control period, and the maximal amount of it was larger than 6°. Exceptionally 
in two series, the line tilted at first to the same side by the stimulation on the left. In 
these cases, however, it returned very soon to the vertical and tilted to the opposite side, 
and the amount of the first tilt was smaller than that of the following tilt. The direc-
tions of the first tilt and the values of latency in 8 series are summarized in Table la. 
The stimulation elongated the duration of tilting on the opposite side of it. This 
tendency was observed in eight series of experiments. 
These results show that the line was apt to tilt to the side opposite the stimulation. 
Subject M.: In the control period, the fluctuation of the line was small and the 
line was stable at the vertical position in most cases. By the stimulation the line 
began to tilt with the latency of about 6 seconds. The line continued tilting for a 
few minutes, thereafter it returned to the vertical (Fig. 2b ). The direction of the tilt 
was the opposite side of stimulation in 6 of 8 series (Table lb). In 2 of these 6 series, 
the stimulation of the right side was ineffective (1st and 2nd series in Table 1 b). In one 
of other two series the direction of tilt was on the same side as the stimulation (7th series 
in Table lb) and in another it was on the left side regardless of the direction of stimula-
tion (6th series in Table lb). The amount of tilt was in most series smaller than 4°. 
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Fig. 2. The time course of perceived displacement of the line from the vertical and the 
effect of stimulation. 
right: Stimulation to the right. left: Stimulation to the left. 
The ordinate represents the amount of tilt. 
R: Tilt to the right. L: Tilt to the left. 
a. Subject; Kn. {lst series) b. Subject; M. (5th series) 
Table I. The direction and the latency of the first tilt caused by the stimulation. 










R: Tilt to the right. 
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L: Tilt to the left. V: Vertical. 
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The findings obtained in this experiment, in which the time course was pursued for 
a long time, were summarized as follows. The line was not necessarily stable at the 
vertical even in the control period. By the stimulation the line began to tilt with 
latency of 6-18 seconds. The first tilt provoked by the stimulation generally reached 
the maximal amount within about 40 seconds. The direction of the first tilt was on 
the oppsoite side of stimulation in most series of both Ss. The stimulation elongated 
the duration of tilting on the opposite side of it. 
Experiment 2 
The relation between the direction of tilt of the line and the side of stimulation. 
In Experiment 1, it was found that the line tilted in most series to the oppsoite side 
by the stimulation. This fact was evident in the direction of the first tilt. Now a 
question arises whether the direction of tilt is on the side opposite the stimulation on 
every person or not. However, it is difficult to perform on many persons such a long 
lasting experiment as Experiment 1. The results of Experiment 1 revealed that 42 
seconds' observation was sufficient to determine the direction of tilt, because the 
latency was about 6-18 seconds and the first tilt reached the maximum within about 40 
seconds. The Experiment 2 was designed to determine the relation between the direc-
tion of tilt and the stimulation side under the 42 seconds inspection. 
PROCEDURE 
At first, the position of "apparent vertical" was determined for the S by the 
adjustment method. Then to the S was presented the line at that position for 42 
seconds under the following three conditions: Condition C; control. Condition R and 
L; pinching with the paper-holder on the right and left side of the neck skin respectively. 
Three series of experiment were performed on one day. Between each series there 
was 10 minutes' rest. In each series three conditions were set with intermission of 5 
minutes in the order selected at random. Twenty-two Ss were investigated. On 10 Ss 
of them experiments were carried out on three days. 
RESULTS 
When the line was presented, it began to tilt a few seconds later to either side and 
the direction of tilt generally did not change during 42 seconds' observation. The 
direction of tilt was marked and the latency of tilting was measured. On 8 of 22 Ss, 
there was obviously no effect of stimulation on the perception of verticality. In 14 Ss, 
some effect was observed and additional experiments were planned out. Four of them, 
however, were not able to serve as subjects. Therefore 10 Ss were investigated on all 
three days. Consequently these Ss were given 9 trials under each of three conditions, 
namely 27 trials in all. 
In the latency no differences between each of three conditions were found. Table 
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Table 2. Relation between the direction of tilt and the side of stimulation. Numbers 
represent occurrences in tilting to each side in 9 trials. 
a. The same side of stimulation. 
I Condition 
Subject I Direction of tilting 
I R I L I c 
----





Vertical 3 2 
Right 9** 0 
w. Left 0 9** 
Vertical 0 0 
Right 8** 0 
Sk. Left 1 9 
Vertical 0 0 

































































* Significant at .05 level, by Fisher exact 
probability test. 
Vertical 0 0 0 ** Significant at or below .005 level. 
I Right 0 8 4 
Sz. 
I 
Left 9** 0 3 
Vertical 0 1 2 
Right 0 9 6 
An. Left 9** 0 2 
Vertical 0 0 1 
2 shows the number of occurrences of tilting to each side in 9 trials. As the line was 
tilted even in control period, the Fisher exact probability test was applied to the data of 
each S in order to detect the effect of stimulation. In 4 of 10 Ss the effect was not 
able to be detected (Table 2c) and in 6 Ss the stimulation was effective (Table 
2a, 2b). The line was tilted to the side of stimulation in 3 of these 6 Ss (Table 2a) and 
to the opposite side in the other 3 Ss (Table 2b). In only one, however, both the 
effects of the right and left stimulation were found significantly. In 5 Ss only the 
right stimulation was detectable, because of tendency of tilt to one side under the 
control. 
In two subjects (D. and F. in Table 2c), in whom the line was tilted to both sides 
by equal chance under the control, both the left and the right stimulation were not 
effective in comparison with the control. But in comparison of the condition R and L, 
it was revealed that the direction of tilt was significantly affected by the stimulation. 
From these results, it is concluded that the skin pressure affects the perception of 
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verticality, but the direction of tilt is not common to every subject. 
DISCUSSION 
On the perception of verticality, Werner and Wapner have proposed "sensory-tonic 
field theory of perception" (3). They have found the effect of electrical stimulation to 
the neck muscle on the perception of verticality (1). On the other hand, Takagi et al. 
reported that skin pressure changed the perception of verticality (2). In both experim-
ents of Werner and Wapner, Takagi et al., the "apparent vertical" is tilted to the side 
opposite the stimulation. In the present experiment the pressure was applied to the 
restricted part of the neck skin and its effect on the perception of verticality was studied. 
The perception of verticality was pursued in long time course. The results are sum-
marized as folows: I. The vertical line was not necessarily stable in the control period. 
II. By stimulation, the vertical line tilted at first to either side of stimulation, then it 
fluctuated from side to side. III. Direction of the first tilt by the stimulation is not 
common to every subject, namely it was on the same side of stimulation in some 
subjects and on the opposite in other subjects. 
Werner and Wapner interpreted the tilt of the apparent vertical by stimulation as a 
result of counteractive force which was provoked in the body in order to balance the 
effect of stimulation (3). In relation to the study of Werner and Wapner, Allport suggest-
ed that some change in tonus was provoked by the "extraneous stimuli" and it was 
effective on the displacement of perceived verticality ( 4). Takagi and other investigators 
reported that the pressure on the lateral side of the chest increased asymmetrically 
the tonus of certain groups of muscle (5), (6), (7). In the author's experiments it was 
found that the vertical line fluctuated more or less from side to side not only in the con-
trol but during the stimulation. Kleint also has reported such a fluctuation in the 
normal state (8). It may be reasonably considered that the muscle tonus of 
the body is not stable in normal state. Therefore the fluctuation in perception of 
verticality may be partly attributable to the alternation of muscle tonus. When the 
pressure is applied on one side of the neck, the tonus may asymmetrically increase jn 
some muscle groups. Hence, such a change may affect the perception of verticality. 
Concerning the direction of tilt the author's results were not completely coincident 
with the results of other investigators. The cause of discrepancy is not known. 
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ZUSAMMENFASSUNG 
Es wurde die Wirkung des Hautdruckes auf die Wahrnehmung der Vertikallinie untersucht. 
Die Vpn., die in dem dunklen Zimmer sitzen blieben, fuhren mit Beobachtung einer dammerlichen 
Leuchtlinie fort, und die Haut wurde ihnen auf einer Seite des Halses mit einer Klammer 
gekniffen. 
An zwei Vpn. wurde die Veranderung der Vertikalwahrnehmung in zeitlichem Verlaufverfolgt. 
Die Vertikallinie war nicht immer unveranderlich sogar in dem normalen Zustande. Wenn eine 
Seite des Halses mit der Klammer gekniffen wurde, neigte die Linie sich nach der Seite, an der 
keine Reize angebracht wurden, dann schwankte sie Iangsam fort. 
Zehn Vpn. beurteilten die Seite der infolge von Reizung verursachten Neigung mit der 
42-Sekunden Beobachtung. Drei Vpn. haben die Linie wahrgenommen, die sich nach der Seite 
der Reizung neigte, und andere 3 Vpn. aber die umgekehrt geneigte Linie. An iibrigen 4 Vpn. 
trat kein bestimmtes Resultat in bezug auf die Seite der Neigung ein. 
